Understanding patterns of soil C and N accumulation in restored prairies is necessary to determine the sequestration potential of these systems. Estimates of C and N accumulation following prairie restoration are generally based on chronosequence studies. However, few studies have compared a chronosequence approach to direct measures of accumulation over time. Restored prairies in the Cowling Arboretum of Carleton College, Northfield, MN, were established annually from 1995 to 2007. In 2000 and 2010-2011, prairies were sampled for soil %C and %N and soil bulk density, allowing for a comparison of the effects of prairie age using a chronosequence approach to direct measures of C and N accumulation rates. Soil C and N content increased in all restorations, although there was no effect of field age across the chronosequence on C or N pools. However, rates of soil C and N accumulation decreased with restoration age, suggesting a rapid increase in the years immediately following agricultural conversion. This rapid accumulation was likely due to the turnover of annual and biennial species that dominated plant cover in the early in succession. This suggestion was supported by an observed increase in δ 13 C values with increasing prairie age. Thus, contributions from early successional species may result in rapid recovery of soil pools following restoration from agriculture. Direct measures of soil C and N accumulation may be necessary when initial variability among sites limit the ability of a chronosequence approach to detect significant changes in soil C and N content over short time periods. al., 2003) and legumes are important sources of N in restored prairies (Becker and Crockett, 1976) . Thus, the relative dominance of different plant functional groups in plant community succession may significantly influence the dynamics of C and N accumulation in restored prairie.
Restored prairies have the potential to be important sinks for C and N in systems that have experienced losses of C and mineral nutrients over the last century. Estimates of recovery time to reach native prairie levels are as high as 170 yr for C and 100 yr for N (Potter et al., 1999; Kucharik et al., 2001 ). Estimates of soil C and N pool sizes and accumulation rates in grasslands vary considerably, and depend on soil type, texture, plant community composition, and climate (Burke et al., 1989; Tan et al., 2004; Baer et al., 2010) . Meta-analyses of average global C sequestration rates on land converted from agriculture to grassland have found that accumulation can vary from 0 to 110 g C m -2 yr -1 , with an average of 33.3 g C m -2 yr -1 Kwon, 2000, McLauchlan, 2006) , while a recent chronosequence study of restored prairies found average accumulation rates of 21.2 g C m -2 yr -1 in the early stages of restoration (i.e., the first 18 yr following conversion from agriculture; Baer et al., 2010) . Nitrogen accumulation rates were less variable, with accumulation rates ranging from 0 to 3.7 g N m -2 yr -1 (Knops and Tilman, 2000; Baer et al., 2002; Kucharik, 2007; Bradley, 2009, Baer et al., 2010) .
Estimates of C and N accumulation are generally based on chronosequence studies, which have been useful in demonstrating C and N accumulation over broad temporal gradients (25-75 yr) in prairie age (Knops and Tilman, 2000; Still et al., 2003; Camill et al., 2004; McLauchlan, 2006; Knops and Bradley, 2009 ). However, inferences from chronosequences can be limited by lack of replication, so that results are influenced by differences between sites of different age caused by variation in initial soil characteristics or by plant community composition (Breuer et al., 2006) . Few studies have examined the dynamics of soil C and N accumulation in the early stages (i.e., the first 10-20 yr) of succession following prairie restoration (but see Baer and Blair, 2008) , and chronosequence studies generally lack the resolution to accurately predict C and N dynamics over short time scales (Baer et al., 2010) . Since prairie restoration is a relatively recent, but increasingly common, land use change, improving our understanding of short-term C and N dynamics is important for estimating the potential sequestration of C and N for biogeochemical models.
A 13-yr prairie restoration chronosequence was used to examine the effects of prairie age on soil C and N accumulation in the early stages of ecosystem development. We used both a chronosequence sampling approach as well as direct measures of accumulation over a 10-yr period from 2000 to 2010 to determine the relative importance of prairie age and plant community composition on soil C and N accumulation. We hypothesized that soil C and N accumulation is influenced by prairie age, even in the initial stages of restoration. We also expected that plot-level changes in plant community composition through the early stages of succession (in this case defined as the changes in plant community composition following initial prairie planting) would be a significant predictor of soil C and N accumulation rates.
MATERIALS AND METHoDS

Study Site
Carleton College Cowling Arboretum, located adjacent to the Carleton College campus in Northfield, MN, (44°28¢ N, 93°09¢ W), consists of approximately 360 ha dominated by a mosaic of forest and restored prairie. At the time of the General Land Survey in the mid-19th century, the area was composed of a mosaic of different habitat types, including prairie, closedcanopy forest, and oak savannas and thickets at the prairie-forest border (Grimm, 1984) . By the late 1800s, the land was used primarily for agriculture, with corn (Zea mays L.) and soybean [Glycine max (L.) Merr.] planted in annual rotation. The majority of the experimental area was acquired by Carleton College by 1930 and subsequently leased for farming until the restoration project began. For the past several decades, the area was leased to the same farming family and was managed by the same individual farmer during the entire period of our study. Conventional agricultural methods were used, including tilling and regular applications of fertilizer, herbicide, and pesticide according to local best management practices (N. Braker, personal communication, 2013). Beginning in 1995, agricultural land at this site was systematically taken out of production and restored to tallgrass prairie (for a complete description of the restoration experiment and study site, see Camill et al., 2004) .
The restoration now consists of 13 contiguous prairies (herein referred to as planting blocks), averaging approximately 3 ha each, planted successively from 1995 to 2007 (Fig. 1) . Bulk prairie seed for the restorations was collected by hand and by haying in various local remnants, including especially McKnight Prairie, a native prairie remnant located 11 km east of the restoration site. In 2011, the restorations contained more than 100 plant species, with approximately 35 species with >1% cover in most planting blocks (data not shown). Thus, the site provides a unique chronosequence of restored prairies with similar land use histories, abiotic characteristics, seed sources, and restoration techniques.
Soils in the restoration sites are all characterized as mesic Typic Hapludolls. Planting blocks restored from 1997 to 2000 and 2002 to 2007 are members of the Ostrander series, characterized by deep and well-drained soils formed in a mantle of silty or loamy sediments with firm loam glacial till beginning between depths of 90 to 150 cm. Blocks restored in 1996 and 2001 are members of the Kanaranzi series (fine-loamy over sandy or sandy-skeletal, mixed, superactive, mesic Typic Hapludolls), which are very deep and well-drained soils that formed in a loamy mantle over sandy sediments. The block restored in 1995 is a member of the Wadena series fine-loamy over sandy or sandy-skeletal, mixed, superactive, mesic Typic Hapludolls), which are well-drained soils that formed in glacial outwash consisting of a 60-to 100-cm loamy mantle over sandy sediments (Camill et al., 2004) .
Experimental Design
In 2000, 12 permanent soil and vegetation sampling plots were established in each of the 13 planting blocks, including those blocks that were in continuous cultivation in 2000 and restored in future years. Each permanent plot (1.5 by 2.0 m) consisted of three contiguous 0.5 by 2.0 m quadrats. The two outer quadrats were designed for vegetation surveys while the inner quadrat was reserved for soil sampling (Camill et al., 2004) Camill et al., 2004) . In 2010 we resampled the same locations sampled in 2000, including those that were in agriculture in 2000 and subsequently restored to prairie (Fig. 1) .
We were able to use two methods to determine how soil C and N pools changed through time: a chronosequence approach (using space for time substitution across the planting block ages), and direct measure of accumulation over a 10-yr period (using the change over time to estimate accumulation rates). We also used a combination of these two approaches (hereafter referred to as "accumulation rate across the chronosequence") that considers the effect of block age on C and N accumulation rates over time.
Soil Analysis
In 2000, soil cores were taken from the 12 permanent plots in each block. Soil was collected at five depths: 0 to 10, 10 to 20, 20 to 35, 35 to 50, and 50 to 60 cm using an 8.125 cm diam. bucket auger (Camill et al., 2004) . Processing and analysis of percentage of soil C and N were determined using the same methods as the 2010 samples described below.
In 2010, each plot was resampled at the 0-to 10-and 10-to 20-cm depths with a 2.5-cm diam. soil core. Two cores were taken in each plot and combined for analysis. Soils were separated by depth and all 12 plot-level samples were homogenized into one sample per block by passing soil through a 2-mm sieve to avoid pseudoreplication within a block. Soil was then oven dried at 60°C and ground to analytical fineness with a coffee grinder and ball mill (SPEX Certiprep 8000D; SPEX, Metuchen NJ). Percentage of soil C and N in each composite sample was determined on a Costech elemental analyzer (Costech, Valencia, CA) by running three analytical subsamples of the combined sample from each planting block and averaging them for a single measure of C and N content in each block. Results were compared to soil measurements taken in 2000 at the block level.
To determine the source of C to soil pools, stable isotope analysis was performed on the 0-to 10-cm samples collected in 2010. Samples taken in 2000 were discarded and thus were not included in the isotope analysis. Stable C isotope ratios (δ 13 C) were determined on a Costech 4010 elemental analyzer with a Conflo IV and Thermo Delta V Advantage (Thermo Fisher Scientific, Waltham, MA) at St. Olaf College, Northfield, MN. The C 3 and C 4 plant species differ in their C isotope ratios (δ 13 C is more negative for C 3 plants); thus differences in soil δ 13 C can be used to determine the source of C inputs to soil (Still et al., 2003) .
Changes in soil C, N, and changes in bulk density were calculated by change since last sampling divided by the number of years that site had been restored since the previous sampling in 2000. Area-based measures of C content (g m -2 ) and accumulation rates (g m -2 yr -1 ) were calculated using total soil %C and %N and bulk density measurements by multiplying the %C or N by the average soil bulk density in each block.
Plant Community Composition
Plant community composition was sampled in the 12 permanent plots in each planting block during August and September of each sampling year (for a complete description of vegetation sampling methodology, see Camill et al., 2004) . Both species occurrence and visually estimated cover were recorded. Standard cover classes were used with the exception that the 0 to 5% class was divided in our sampling into two classes (0-1% and 2-5%; Daubenmire, 1959) .
We determined the percent cover of each functional group (annuals/biennials, legumes, C 3 perennials, and C 4 perennials) by constraining cover at 100% and calculating the relative proportion of each functional group present in each block. We considered each sampling date to be a replicate when calculating the effect of planting block age on plant species composition (e.g., n = 6 for 1-yr-old restorations since we sampled six different 1-yr-old blocks in the vegetation samplings that occurred between 2000 and 2011, but n = 1 for 15-yr-old prairies since there were no prairies of this age until the 2011 sampling; Fig.  2 ). The most common species in the C 4 grass functional group included Andropogon gerardii Vitm., Panicum virgatum L., and Sorghastrum nutans (L.) Nash. Legume cover was comprised of all plants in the Fabaceae family and was dominated by Amorpha canescens Pursh, Baptisia lactea (L.) Vent, Chamaecrista fasciculata (Michx.) Greene, Dalea candida Michx. ex Willd., D. purpurea Vent., Desmodium canadense (L.) DC., Lespedeza capitata Michx., Trifolum pratense L., and T. repens L. The most common species in the annual/biennial functional group were Ambrosia artemisiifolia L., Conyza canadensis (L.) Cronq., and Setaria spp., and the C 3 perennials were dominated by the grass, Elymus canadensis L. and several species in the Asteraceae family, including Achillea millefolium L., Solidago canadensis L.,and S. rigida (L.).
Data Analysis
All measures of soil characteristics and plant community composition were performed at the planting block level (n = 13 blocks, restored consecutively from [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Note that in Camill et al. (2004) , all sites that were currently in agriculture when sampled in 2000 were pooled into a single measurement (since the only difference in these planting blocks at the time was the anticipated date of restoration). In the present study, the data reported by Camill et al. (2004) for the 2001 to 2007 planting blocks have been un-pooled to examine the change in C or N pools from 2000 to 2010, as each of the blocks previously in agriculture have since been converted to prairie (Fig. 1) .
We used Pearson's correlations to compare the relative cover of C 4 grass and legume functional groups (as measured in the 2011 vegetation sampling) to soil C and N content and soil C and N accumulation rates. We test for differences in total soil C and N content between sampling dates using a Student's t test. We determined the effect of prairie age on soil C and N content across the chronosequence using simple linear regression, with restoration year as the independent variable and soil C or N as the dependent variable. We measured the accumulation rate by calculating the average change in C or N content in each block during the 10-yr study period. Finally, we considered the effect of prairie age on the rate of change in soil C and N (accumulation rate across the chronosequence) using regression with block age as the independent variable and C or N accumulation rate (change in C or N content per year that the block was planted in prairie during the study period). In three cases, average C accumulation from 2000 to 2010 was negative (1996 planting block 0-10 cm, 2002 planting block 0-10 cm, 2004 planting block 10-20 cm); we used a value of zero in these cases when performing our analysis of C accumulation rates, as area-based measures of soil C content may not adequately portray soil C dynamics when there are concurrent changes in soil C concentrations and soil bulk density (Ayanaba et al., 1976; Brown and Lugo, 1990; Gifford and Roderick, 2003) and previous studies suggest that soils reliably accumulate C with increasing time since cultivation (Knops and Tilman, 2000) .
We performed regressions using R (R Development Core Team, 2011). Linear or logarithmic fits were based on distributions of residuals. Previous studies use both linear and nonlinear relationships to illustrate saturation points in C and N accumulation (Jenny, 1941; Knops and Tilman, 2000; Six et al., 2002; O'Neill et al., 2003; Camill et al., 2004; Kucharik, 2007; Matamala et al., 2008; Vargas et al., 2008; Moebius-Clune et al., 2011) .
RESULTS
Soil Carbon and Nitrogen Dynamics using a Chronosequence or Direct Accumulation
All planting blocks significantly accumulated C (t = 2.951, p = 0.007) and N (t = 5.088, p < 0.001) in soil during the 10-yr study period (Fig. 3) . Using direct measures of accumulation of soil C and N content from 2000 to 2010, soil C increased in all blocks by an average of 9.9% at 0 to 10 cm and by 29.6% at 10 to 20 cm (Table 1) . Nitrogen also increased across all blocks by an average of 14.6% at 0 to 10 cm and by 48.2% at 10 to 20 cm (Table 1) . Areabased increases in soil C and N content were due to both changes in soil C and N concentrations and changes in soil bulk density. Soil %C and %N increased in all blocks at both 0-to 10-cm and 10-to 20-cm soil depths (soil %C increased by an average of 16.4% and 20.0% at 0-to 10-cm and 10-to 20-cm soil depths, respectively, and soil %N increased by 21.4 and 36.7%, respectively; data not shown). Bulk density decreased on average by 5.4% at the 0-to 10-cm depth, while increasing by 7.6% at the 10-to 20-cm depth (Table 1) . The average accumulation rate of C across all blocks was 14.9 g m -2 yr -1 at 0-to 10-cm soil depth and 30.0 g m -2 yr -1 at 10-to 20-cm depth. Average accumulation rate of N across all blocks was 1.9 g m -2 yr -1 and 4.5 g m -2 yr -1 at 0-to 10-and 10-to 20-cm depth, respectively.
Though soil C and N accumulated in each planting block between 2000 and 2010, age of restoration across the chronosequence had no effect on soil C and N content in either year at either depth. Using a chronosequence approach in 2010, age of restoration had no effect on soil C or N content at 0-to 20-cm soil depth (linear regression; p = 0.959 and p = 0.508, respectively; Fig. 3) ; there also was no effect of restoration age when the two soil depths were analyzed separately: 0 to 10 cm, p = 0.498 and p = 0.782 for soil C and N, respectively; 10 to 20 cm, p = 0.553 and p = 0.426 for soil C and N, respectively. Carbon and N measurements taken across the chronosequence in 2000 and reported by Camill et al. (2004) also found no effect of block age at 0-to 10-or 10-to 20-cm soil depths. Bulk density measurements taken in 2011 also had no relationship with respect to restoration age (linear regression; p = 0.591, p = 0.738, p = 0.566, for 0 to 10, 10 to 20, and 0 to 20 cm, respectively).
Soil Carbon and Nitrogen Accumulation Rates across the Chronosequence
Although there was no effect of block age on soil C and N content using a chronosequence approach, there was a significant effect on C and N accumulation rate when considering accumulation as a function of the number of years each block had been in prairie during the study period (Fig. 4) . Age-specific accumulation rate (change in soil C or N content per the number of years a block has been planted in prairie in the last decade) of total C and N (0-20-cm depth) was highest in younger restorations and declined logarithmically with increasing prairie age (p = 0.037; r 2 = 0.340 and p = 0.002; r 2 = 0.611, respectively; Fig. 4) . Considering only the 0-to 10-cm depth, there was a significant effect of block age on N (p = 0.001; r 2 = 0.669;) but not C (p = 0.901) accumulation rate (Fig. 4) . Both C and N accumulation rates decreased significantly with prairie age at the 10-to 20-cm depth (p = 0.034; r 2 = 0.349 and p = 0.009; r 2 = 0.477, respectively). The 2006 restoration, which had been planted in prairie for 5 yr, accumulated C fastest at a rate of 86.71 g m -2 yr -1 in prairie (0-20-cm depth), while the oldest restoration, 1995, accumulated C at a rate of 6.91 g m -2 yr -1 over the last decade. Nitrogen accumulation rates showed a similar pattern, with the younger prairies exhibiting the fastest accumulation rates. There was no effect of initial (i.e., 2000) or final (2010) total soil C or N pool size on their respective accumulation rates (linear regression; p = 0.967 and p = 0.566, respectively, for C and N initial pool size and p = 0.559 and p = 0.277, respectively, for C and N final pool size). Soil δ 13 C increased across the chronosequence, with younger planting blocks exhibiting a more negative signature than older blocks (Fig. 5 , p = 0.042, r 2 = 0.325).
Plant-Soil Interactions
In 2010, neither the cover of C 4 grasses nor legumes was related to the age of restoration across the chronosequence (linear regression; p = 0.070 and p = 0.901, respectively). The cover of C 4 grasses was not correlated with any soil characteristic measured in 2010 (Table 2) . Legume cover, however, was inversely correlated with total soil C and N content (Table 2) .
DISCUSSIoN
Limitations of a Chronosequence Sampling Approach
Neither soil C nor N content were a function of prairie age across our chronosequence in either the 2000 or 2010 samplings. Similar results have been reported in some studies (Garten and Wullschleger, 2000; Brye and Gbur, 2011) , but is in contrast to others that have found age effects on soil C and N content using a chronosequence approach ( Jastrow et al., 1998; Knops and Tilman, 2000; Baer et al., 2002; McLauchlan et al., 2006; Matamala et al., 2008; Baer et al., 2010) . However, direct measurements of the same locations in 2000 and 2010 demonstrated that soils in all planting blocks did, in fact, accumulate C and N, even though the blocks differed in the number of years they were planted in prairie over that time period (a range of 4-10 yr). This paradoxical finding highlights the limitations of a chronosequence approach ( Johnson and Miyanishi, 2008) . In our study, initial soil C and N content varied considerably among planting blocks despite their close proximity, similar soil characteristics, land use history, and a standardized restoration approach. This variability masked the increase of soil C and N content through time and demonstrates the need for direct measures of soil C and N accumulation to elucidate patterns of recovery following agricultural abandonment when there is high variability in initial soil C and N content 
Effects of Prairie Age on Soil Carbon and Nitrogen Accumulation
The average accumulation rate of soil C and N in all blocks over the 10-yr study period was comparable to estimates reported in a previous study of young restorations (Baer et al., 2010) , but less than estimates from other restoration chronosequence studies. For example, our estimate of 22.5 g C m -2 yr -1 (0-20-cm depth) is similar to that of the accumulation rate of 21.2 g C m -2 yr -1 reported by Baer et al. (2010) , although it is considerably less than the 44 g C m -2 yr -1 and 62 g C m -2 yr -1 reported elsewhere for restored prairies Matamala et al., 2008) . However, blocks planted from 2002 to 2007 were in agriculture for some portion of the 10-yr study period (a range of 1-6 yr), while those planted from 1995 to 2001 were planted in prairie for the entire 10-yr period. When we considered accumulation rates as a function of the age of restored prairies (change in soil C or N content per the number of years a block had been planted in prairie in the last decade), there was an inverse relationship between prairie age and soil C and N accumulation rates. Considering the long history of conventional agriculture at this site, we assumed planting blocks did not accumulate soil C or N during the years they were in agriculture (Mann, 1986; Davidson and Ackerman, 1993; Imhoff et al., 2004; McLauchlan, 2006) and that soil C and N only accumulated following restoration (an assumption supported by the stable isotope analysis discussed below).
We propose that the rapid increase in soil C and N content in the young prairies was due to two factors. First, long-term declines in soil C as a result of agriculture created a high potential to accrue C in these soils. In prairie ecosystems, agriculture may be considered a disturbance-temporarily removing natural vegetation, yet leaving soil intact. However, agriculture has unique effects on ecosystems when compared to other types of disturbances, such as fire or deforestation. Agriculture is a prolonged disturbance (in the present study lasting more than 100 yr) that continuously inhibits establishment of natural vegetation and causes declines in soil C and nutrients through plowing, leaching, and biomass removal (Li et al., 1994; West and Post, 2002; Imhoff et al., 2004; McLauchlan, 2006) . At the end of the disturbance, prairies follow a predictable pattern of secondary succession of the plant community (Weaver, 1954) . However, due to the long-term declines of soil C during agriculture, soils likely have a high potential to accrue C and N following cessation of agriculture as plant biomass decomposes and aboveground and belowground litter are incorporated into soil pools (Post and Kwon, 2000; Baer et al., 2002) .
Second, because the prairies in this study were planted, there was a rapid increase in plant biomass in the early years of the restoration and much of this biomass was incorporated into soil C and nutrient pools as annual and biennial species died and were replaced by long-lived perennial species (Fig. 2) . Aboveground net primary productivity (ANPP) in the 1-to 3-yr-old prairies was ~500 g m -2 yr -1 and was not significantly different than ANPP in 3 -to 6-yr-old prairies (Camill et al., 2004) , a pattern also observed in other restored prairies (Baer and Blair, 2008) . Belowground productivity was significantly higher in older prairies (~500 g m -2 yr -1 ; compared to ~300 g m -2 yr -1 in 1-3-yrold prairies; Camill et al., 2004) . However, early successional stages were dominated by annual and biennial species, which averaged 50% cover in the first year following planting and declined to <10% cover by Year 3 (Camill et al., 2004) , a pattern we have observed through repeated measures of plant community composition in the restorations (Fig. 2) . The rapid growth and short lifespan of these early successional species provided the potential for the biomass produced in the early stages of succession to be rapidly incorporated into soil pools. In contrast, long-lived perennial species such as C 4 grasses did not reach 50% cover until the third year following restoration, so their contribution to soil C and N accumulation in early successional stages was likely minimal. Thus, while the establishment of long-lived perennial species may account for the greatest contribution of whole-ecosystem C and N storage in prairies on longer time scales (Mahaney et al., 2008) , the high biomass and turnover of annual and biennial species in the early stages of succession may contribute significantly to the recovery of soil C and N pools following agricultural abandonment.
Stable isotope analyses of the soils collected in 2010 support this hypothesis. Young restorations had a more negative δ 13 C, indicating a greater contribution of C 3 species to soil C pools. As restorations aged, δ 13 C increased indicating an increasing contribution of C from C 4 species through successional development. Lower δ 13 C values in young restorations also suggest that inputs of C from corn (a C 4 plant) in the years these restorations were in agriculture were not a significant contribution to the observed increase in soil C from 2000 to 2010.
Effects of C 4 Grasses and Legumes
Contrary to our hypotheses and the results of previous studies (Conant et al., 2001; Fornara and Tilman, 2008) , there was no significant effect of the abundance of C 4 grasses or legumes on the accumulation rate of soil C or N. Dominant grasses are generally the major drivers of C sequestration in grasslands as a result of their large aboveground and belowground biomass, high photosynthetic rates, and water and N use efficiency (De Deyn et al., 2008; Mahaney et al., 2008; O'Brien et al., 2010) . Legumes, with their ability to biologically fix N, have been shown to increase soil N, particularly in agricultural systems (Ledgard and Steele, 1992; Giller and Cadisch, 1995; Graham and Vance, 2003) . However, we found that C 4 grass abundance had no effect on total C or N pool size while legume abundance was inversely associated with soil C and N pool sizes.
The lack of an effect of C 4 grass abundance on soil C accumulation is likely due to the relatively young age of the restored prairies (<20 yr), with most soil C so far contributed by annual and biennial plants as suggested above. The C 4 grasses achieve dominance in the third or fourth year after prairie planting. However, these plants were still relatively young and the turnover of root biomass was likely minimal compared to that in later successional stages. In addition, C 4 grass cover was high throughout the prairies in 2010, so that there were relatively small differences between sites to test for an effect. We found no difference in the abundance of C 4 grasses across the chronosequence in 2010, but in 2000 we observed a strong pattern of increasing C 4 cover with age across the chronosequence (Camill et al., 2004) . This was likely due to the difference in the age range of the chronosequence at the two dates. The 2000 chronosequence contained plantings from 1-to 6-yr old, but in 2010 the range was 4 to 16 yr. Thus, in 2010, all planting blocks had already transitioned to C 4 dominance, resulting in an inability to measure variation in soil C and N content due to differences in grass cover.
Legume cover was inversely correlated to soil C and N pool size. If legumes were able to fix significant quantities of N, locations with greater legume abundance would be expected to have more soil N, not less. However, it is also possible that legume abundance was a response to pre-existing variation in soil N content rather than a cause of differing N levels. The inverse correlation of legume abundance with soil N content could result if legumes have a competitive advantage in low N environments (Ritchie and Tilman, 1995; Vitousek and Field, 1999) .
In addition, we found that N accumulation rates decreased with increasing block age. Thus, block-level variation in soil N appeared to be the dominant driver of legume cover in the early successional communities. The inverse relationship of legume cover with soil C pools was potentially due to the strong correlation between soil C and N content (data not shown), or the relatively low aboveground and belowground biomass of legumes relative to other functional groups. Pearson's correlations of plant community composition (measured as the cover of plant functional groups in 2011) on soil characteristics across the restoration chronosequence. Total C and N is the soil C or N content measured at 0-to 20-cm soil depth in 2010. 
CoNCLUSIoNS
Studies of soil C and N accumulation following agricultural abandonment commonly use a chronosequence approach ( Johnson and Miyanishi, 2008) . Studies using direct measures of accumulation are rare and we know of no other study that has combined these two approaches to examine the relative effects of prairie age on soil C and N content through time. Chronosequence studies have demonstrated the patterns (and variability) in soil C and N dynamics in restored prairies over long time scales (Potter et al., 1999; Knops and Tilman, 2000; Kwon, 2000, McLauchlan, 2006; Baer et al., 2010) , even though the validity of chronosequences has been questioned ( Johnson and Miyanishi, 2008) . However, most restored prairies in North America are relatively young and space for time substitutions in chronosequence studies make it difficult to elucidate soil C and N dynamics on short time scales. We demonstrated that soil C and N content increased significantly, even in the earliest stages of succession when pre-existing differences in soils obscure these changes across a chronosequence. The turnover of annual and biennial species early in plant community succession likely promoted rapid accumulation of soil C and N in the first few years of prairie development. We observed high variability in initial conditions among planting blocks, even in adjacent restorations with similar land use histories and restoration techniques. Given most restoration studies occur in sites with greater variation in geographic proximity and land use history, our findings highlight the need for a repeated measures approach to determine patterns of C and N accumulation through time.
